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ABSTRACT 

Objective To investigate whether pre-eclampsia is more 
common in first pregnancies solely because fewer 
affected women, who presumably have a higher risk of 
recurrence, go on to have subsequent pregnancies. 
Design Prospective cohort study. 
Setting Swedish Medical Birth Register. 
Participants 763 795 primiparous mothers who had their 
first births in Sweden, 1987-2004. 
Main outcome measures Pre-eclampsia. 
Results The risk of pre-eclampsia was 4.1% in the first 
pregnancy and 1.7% in later pregnancies overall. 
However, the risk was 14.7% in the second pregnancy for 
women who had had pre-eclampsia in theirfirst pregnancy 
and 31.9% for women who had had pre-eclampsia in the 
previous two pregnancies. The risk for muciparous women 
without a history of pre-eclampsia was around 1%. The 
incidence of pre-eclampsia associated with delivery 
before 34 weeks' gestation was 0.42% in primiparous 
women, 0.11% in multiparous women without a history of 
pre-eclampsia, and 6.8% and 12.5% in women who had 
had one or two previous pregnancies affected, 
respectively. The proportion of women who went on to 
have a further pregnancy was 4-5% lower after having a 
pregnancy with any pre-eclampsia but over 10% lower if 
pre-eclampsia was associated with very preterm delivery. 
The estimated risk of pre-eclampsia in parous women did 
not change with standardisation for pregnancy rates. 
Conclusions Having pre-eclampsia in one pregnancy is a 
poor predictor of subsequent pregnancy but a strong 
predictor for recurrence of pre-eclampsia in future 
gestations. The lower overall risk of pre-eclampsia among 
parous women was not explained by fewer conceptions 
among women who had had pre-eclampsia in a previous 
gestation. Early onset pre-eclampsia might be associated 
with a reduced likelihood of a future pregnancy and with 
more recurrences than late onset pre-eclampsia when 
there are further pregnancies. Findings are consistent 
with the existence of two distinct conditions: a severe 
recurrent early onset type affected by chronic factors, 
genetic or environmental, and a milder sporadic form 
affected by transient factors. 

INTRODUCTION 

Pre-eclampsia has been defined as a disease of first 
pregnancies. 1 The association between primiparity 



and pre-eclampsia is so widely accepted that it is at 
the core of several pathophysiological theories. For 
example, it has been proposed that pre-eclampsia is 
the consequence of a maternal immune reaction 
against paternal antigens expressed in the placenta 
and that this reaction might result in defective tropho- 
blast invasion and subsequent placental dysfunction. 
The lower risk of pre-eclampsia among multiparous 
women has been attributed to desensitisation after 
exposure to paternal antigens in the placenta during 
previous pregnancies. 12 The lower risk has also been 
attributed to smoother trophoblastic invasion after 
modification of maternal spiral arteries during the first 
pregnancy.' 1 

We hypothesised that pre-eclampsia is more com- 
mon in first pregnancies because women who experi- 
ence pre-eclampsia during their first pregnancy, whom 
might have an increased risk for genetic or environ- 
mental reasons, might decide not to take further risks 
and have no more pregnancies. In addition, subfe- 
cundity has been associated with a higher risk of pre- 
eclampsia. 4 Thus an underlying disorder might result 
in both pre-eclampsia in the first pregnancy and subse- 
quent infertility. 

Most previous studies included relatively small 
cohorts of pregnancies without prospective follow-up 
of women from the beginning of their reproductive 
history. 15 We used a large population based cohort to 
investigate the association between parity and the risk 
of pre-eclampsia, before and after adjustment for 
potential selection bias. 

METHODS 

Study population 

The Swedish Medical Birth Register is a population 
based registry that includes more than 98% of all births 
in Sweden. 1 ' Starting with the first antenatal visit, nor- 
mally at 8-12 weeks' gestation, information is prospec- 
tively collected on maternal demographic data, 
reproductive history, pregnancy, and birth character- 
istics. Such information is recorded on the standar- 
dised antenatal, obstetric, and neonatal records, and 
copies of these records are forwarded to the birth reg- 
ister, where the information is computerised. The cur- 
rent study included only women who had their first 
delivery on or after 1 January 1987, with reproductive 
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history followed until the end of 2004. During this per- 
iod, the register recorded 763 795 primiparous 
mothers who had a total of 1 430 464 deliveries 
(21 629 (1.5%) were multiple gestations). 

Outcome definition and ascertainment 

The diagnoses are noted by a doctor at the time of dis- 
charge from the hospital, using ICD-9 and ICD-10 
(international classification of diseases, 9th and 10th 
revisions). Pre-eclampsia is defined as a diastolic 
blood pressure of at least 90 mm Hg accompanied by 
proteinuria (>0.3 g/ day or >1 on aurine dipstick) (ICD- 
9 codes 642 E-F and ICD-10 code 014). Eclampsia is 
defined as the occurrence of pre-eclampsia with sei- 
zures (ICD-9 code 642 G and ICD-10 code 015). We 
included pre-eclamptic and eclamptic pregnancies in 
our analysis. The quality of the diagnosis of pre- 
eclampsia has previously been validated: of 148 preg- 
nancies coded as pre-eclampsia in the birth register, 
137 (93%) had pre-eclampsia according to the indivi- 
dual records. 7 

Early and late onset pre-eclampsia have different 
heritability, risk factors, clinical manifestations, and 
prognosis. 8 lj As information on timing of onset was 
not available through the register, we used preterm 
delivery as a proxy for early onset and severity. Pre- 
eclampsia was considered "severe" when delivery 
occurred before 34 completed gestational weeks. 

Statistical analysis 

We estimated the overall cumulative incidence of pre- 
eclampsia during the first pregnancy. Among those 
with and without a diagnosis, we estimated the propor- 
tion of women who had a second pregnancy and the 
incidence of pre-eclampsia during that pregnancy. We 
repeated the procedure up to the fourth pregnancy. We 
calculated the interval between pregnancies with the 
difference between dates of last menstrual periods. 

To compare the frequency of a second pregnancy 
between women with and without pre-eclampsia in 



their first pregnancy, we estimated the odds ratio and 
95% confidence interval for a subsequent pregnancy. 
Multivariate logistic regression adjusted for potential 
confounding factors — that is, factors associated with 
the risk of both pre-eclampsia and subsequent 
pregnancies, including maternal age, body mass 
index, cigarette smoking, diabetes, and multiple 
gestations. 7 11 14 15 To further assess the impact of multi- 
ple gestations, we conducted a subanalysis restricting 
the sample to singleton births. To assess the impact of 
time trends, we conducted a subanalysis stratified by 
calendar years of first pregnancy. 

To quantify the contribution of any selection by his- 
tory of pre-eclampsia to the difference in the incidence 
of pre-eclampsia between first and subsequent preg- 
nancy, we standardised the analysis by the rates of sub- 
sequent pregnancy in women without pre-eclampsia. 
That is, we simulated a population where the likeli- 
hood of a subsequent pregnancy was equal among 
women with and without a history of pre-eclampsia. 
We then estimated the risk of pre-eclampsia among 
multiparous women in such hypothetical population. 

RESULTS 

The risk of pre-eclampsia in any pregnancy was 3.0%; 
the risk was 4.1% in the first pregnancy and 1.7% in 
later pregnancies. The risk during a given pregnancy, 
however, was highly dependent on the history of pre- 
eclampsia (fig 1). During the second pregnancy, the 
risk was 14.7% for women who had developed pre- 
eclampsia in their first pregnancy and 1.1% for those 
who had not. During the third pregnancy, the risk was 
3 1 .9% for women who had developed pre-eclampsia in 
the previous two pregnancies and remained 1.1% for 
those without a history of pre-eclampsia. Similarly, for 
women with a first occurrence of pre-eclampsia in their 
second pregnancy, the risk was 15.9% during the third 
pregnancy; and 29.0% during the fourth when they had 
developed pre-eclampsia in the previous two pregnan- 
cies. Likewise, for women with a first occurrence of 
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Fig 1 1 Risk of pre-eclampsia in given pregnancy by pregnancy order and history of pre-eclampsia, Swedish Medical Birth 
Register, 1987-2004 
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pre-eclampsia in their third pregnancy, the risk was 
14.7% during the fourth pregnancy. Among women 
without pre-eclampsia in their first pregnancy, the 
risk of pre-eclampsia was 0.83% if they became preg- 
nant again within two years and 2.2% if they became 
pregnant more than eight years after their first preg- 
nancy; the corresponding risks were 13.1% and 
1 5 .8% for women with pre-eclampsia in their first preg- 
nancy (fig 2). 

The proportion of women with two or more preg- 
nancies was 62.2% and 66.3% among women with 
and without pre-eclampsia in their first pregnancy, 
respectively (fig 1). The proportion of women with 
three or more pregnancies ranged from 21.1% to 
26.4% depending on history. If women with and with- 
out pre-eclampsia in their first pregnancy had the same 
likelihood of another pregnancy (that is, if there were 
no selection of low risk women in subsequent pregnan- 
cies), the estimated incidence of pre-eclampsia among 
multiparous women would have been 1 . 70%, similar to 
the observed 1.65%. 

Impact of confounders 

After having a first pregnancy with pre-eclampsia, the 
adjusted odds ratio for having another pregnancy was 
0.91 (95% confidence interval 0.89 to 0.94) compared 
with women without pre-eclampsia in their first preg- 
nancy. This adjusted odds ratio was closer to the null 
than the crude odds ratio (0.84, 0.82 to 0.86), suggest- 
ing that the observed association between pre-eclamp- 
sia and the likelihood of subsequent pregnancies was 
partially explained by measured confounders. 

Impact of multiple gestations 

The results were similar when we limited our analysis 
to women with a singleton birth in the first pregnancy 
(data not shown). Among the 12 756 (1.7%) women 
who had twins (or more) during their first pregnancy, 
12.3% developed pre-eclampsia during that preg- 
nancy. During the second pregnancy, the risk was 
6.3% for women who had developed pre-eclampsia in 
their first pregnancy and 1.1% for those who had not. 
The proportion of women with a second pregnancy 
was 25.4% after having a first twin pregnancy with 
pre-eclampsia and 26.4% after a twin pregnancy with- 
out pre-eclampsia. 

Impact of temporal trends 

The risk of pre-eclampsia during first pregnancy was 
3.2% in 1987-9, 4.0% in 1990-4, 4.8% in 1995-9, and 
4.2% in 2000-4. Among women without pre-eclampsia 
in the first pregnancy, the proportion with a subse- 
quent pregnancy by the end of follow-up was 83.5% 
in 1987-9, 80.5% in 1990-4, 73.8% in 1995-9, and 
3 1 .0% in 2000-4. (Note the increasingly incomplete fol- 
low-up of women's reproductive life over study years.) 
The proportion of subsequent pregnancy among 
women with pre-eclampsia in first pregnancy was 3% 
to 5% lower within each time period. 
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Fig 2 1 Risk of pre-eclampsia in second pregnancy by years 
since first pregnancy and history of pre-eclampsia, Swedish 
Medical Birth Register, 1987-2004 

Impact of outcome definition 

Ten percent of primiparous women with pre-eclamp- 
sia delivered before 34 weeks of gestation. The risk of 
such severe pre-eclampsia was 0.42% in the first preg- 
nancy and 0.14% in later pregnancies (fig 3). Among 
women who had developed severe pre-eclampsia in 
their first pregnancy, the risk of any pre-eclampsia 
was 29% in their second pregnancy; and the risk of 
severe pre-eclampsia was 62 times higher (6.8%) than 
in women without pre-eclampsia in their first preg- 
nancy (0.11%). During the third pregnancy, the risk 
of severe pre-eclampsia was 12.5% for women who 
had developed this condition in the previous two preg- 
nancies and 0. 1 3% for those without a history of severe 
pre-eclampsia. 

The proportion of women having a second preg- 
nancy was 11% lower after a first pregnancy with 
severe pre-eclampsia than in women without this con- 
dition in their first pregnancy; the proportion of 
women with three or more pregnancies ranged from 
13.5% to 29.2%, depending on history. Despite this 
apparent selection of lower risk women, the estimated 
incidence of severe pre-eclampsia among multiparous 
women would have been just 0.15% (rather than 
0.14%) if women with and without severe pre-eclamp- 
sia in their first pregnancy had the same likelihood of 
another pregnancy. After having a first pregnancy with 
severe pre-eclampsia, the adjusted odds ratio of a sub- 
sequent pregnancy was 0.69 (0.64 to 0.75) compared 
with women without the condition in their first preg- 
nancy, which was closer to the null than the crude odds 
ratio (0.63, 0.59 to 0.68). 

DISCUSSION 

In this large prospective cohort study, the incidence of 
pre-eclampsia was 4.1% in primiparous women and 
1.7% in parous women in Sweden between 1987 and 
2004. The increased risk of pre-eclampsia in primipar- 
ous compared with multiparous women was not 
explained by a biological or self selection of low risk 
women throughout gestations. So, is pre-eclampsia 
really a disease of primiparous women? It depends 
on the history. For multiparous women, the risk was 
significantly different for women who had pre-eclamp- 
sia in one (around 15%) or two (around 30%) 
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consecutive previous pregnancies than for those with 
no history (around 1%). Although a longer interval 
between first and second pregnancies was associated 
with a higher incidence of pre-eclampsia, the risk for 
women without pre-eclampsia during their first preg- 
nancy remained substantially lower even after eight 
years (2.2%), compared with women with pre-eclamp- 
sia in their first pregnancy. 

Multiple gestations 

Multiple gestations were associated with an increased 
risk of pre-eclampsia (12%) and with a lower recur- 
rence of pregnancy. Yet, multiple gestations did not 
explain the association between primiparity and pre- 
eclampsia. Interestingly, the proportion of women 
with subsequent pregnancies after having twins or tri- 
plets was similar to that after two singleton births. This 
observation is compatible with families having a target 
number of children, as well as with a higher incidence 
of multiple gestations in subfertile couples undergoing 
infertility treatments. It is also worth noting that the 
recurrence of pre-eclampsia when the first affected 
pregnancy was a multiple gestation was half of that 
found when it was a singleton pregnancy. This finding 
suggests that a proportion of pre-eclampsias in multi- 
ple gestations might be caused by the fetal multiplicity 
itself, rather than to underlying constant maternal risk 
factors. 

Temporal trends 

The observed slight rise in the risk of pre-eclampsia 
over time could be caused by an actual increase in the 
risk of pre-eclampsia (for example, because of an 
increase in multiple gestations) or to changes in diag- 
nosis and coding practices. The proportion of women 
having two or more pregnancies decreased over the 
study period, which could be partially explained by 
an increasing proportion of couples having a single 
child during the 1990s. At least part of the apparent 
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Fig 3 j Risk of severe pre-eclampsia (defined as pre-eclampsia associated with delivery before 
34 weeks) in given pregnancy by pregnancy order and history of pre-eclampsia, Swedish 
Medical Birth Register, 1987-2004 



trend, however, is because of an increasing underesti- 
mation of the incidence of subsequent pregnancies 
induced by the study design. By the end of 2004, 
when follow-up stopped, a considerable proportion 
of women had not completed their families, in particu- 
lar those with a first pregnancy during the 2000s. None- 
theless, such trends in the recurrence of both pre- 
eclampsia and pregnancy did not explain the results. 
The association between pre-eclampsia and a lower 
incidence of subsequent pregnancies was similarly 
modest, and the association between parity and pre- 
eclampsia remained within each stratum of calendar 
years. 

More than one condition under the same term 

Early and late onset pre-eclampsia differ in their risk 
factors and prognoses. 9 11 One study has shown that the 
earlier pre-eclampsia develops in a given pregnancy, 
the greater the risk that pre-eclampsia will develop in 
subsequent pregnancies. 8 Findings from the Swedish 
Medical Birth Register are consistent with this. 7 In 
the current study, a history of early onset pre-eclamp- 
sia was a stronger predictor for the recurrence of pre- 
eclampsia than late onset events, in particular for the 
recurrence of early onset pre-eclampsia. For pre- 
eclampsia overall, the risk of recurrence was close to 
15 and 30 times higher after one or two affected preg- 
nancies, respectively. The relative risk of recurrence 
after one or two pregnancies with early onset pre- 
eclampsia was 60 and 90, respectively. These observa- 
tions suggest that early and late onset events might 
indeed differ etiologically, with early onset pre- 
eclampsia being affected by more chronic risk factors. 

Results also suggest that early onset pre-eclampsia 
results more often in avoidance of future pregnancies, 
presumably because of the more severe clinical presen- 
tation compared with late onset events. The incidence 
of a second pregnancy was 66% in women without pre- 
eclampsia in their first pregnancy, 63% when women 
developed pre-eclampsia without prematurity in the 
first pregnancy, and 55% if the pre-eclampsia was asso- 
ciated with very preterm delivery. Such selection was 
still insufficient to explain the association between 
severe pre-eclampsia and primiparity. 

Interpretation of findings 

Our findings support the idea of two distinct entities, 
one sporadic and another recurrent. We hypothesise 
that the sporadic type occurs in around 1% of pregnan- 
cies and is associated with transient risk factors (such as 
twins), being therefore a poorer predictor of risk in 
future pregnancies and less predictable based on his- 
tory. The recurrent type represents 50-75% of the cases 
in primiparous women, tends to have an early onset, is 
more severe, causes preterm delivery and other fetal 
and maternal morbidities, has more familial aggrega- 
tion, and is associated with unvarying risk factors 
(environmental or genetic) that confer a risk of around 
30% in each pregnancy in that particular group of 
women. Not every woman with these chronic risk fac- 
tors, however, develops recurrent type pre-eclampsia, 
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WHAT IS ALREADY KNOWN ON THIS TOPIC 

The risk of pre-eclampsia is higher in first pregnancies (4.1%) than in subsequent ones 
(1.7%) 

WHAT THIS STUDY ADDS 

The lower overall risk of pre-eclampsia among parous women is not explained by fewer 
pregnancies among women who experienced pre-eclampsia in a previous gestation 

The risk of recurrence is around 15% for women who had pre-eclampsia in one previous 
pregnancy and around 30% when two consecutive previous pregnancies were affected 

Recurrence is higher for pre-eclampsias associated with very preterm delivery 



and not every woman with recurrent type pre-eclamp- 
sia in their first pregnancy has pre-eclampsia in further 
gestations. Moreover, with our current knowledge 
(and available data), we cannot distinguish sporadic 
from recurrent types when we diagnose pre-eclampsia 
in a primiparous woman. A proportion of cases in pri- 
miparous women will be sporadic and would not tend 
to recur. 

Clinical relevance 

In addition to contributing to our understanding of 
pre-eclampsia, our findings might influence the infor- 
mation women are given about the risk of pre-eclamp- 
sia in a subsequent pregnancy by providing risk 
estimates stratified by history. For instance, when 
advising women who developed pre-eclampsia in 
their first pregnancy and are contemplating a second 
pregnancy, we cannot say that their risk is low because 
pre-eclampsia is a "disease of nulliparity," particularly 
if they had an early onset event. 

Strengths and weaknesses of the study 

Our study is based on a large, prospective, population 
based cohort. The accuracy of diagnoses in the Swed- 
ish Medical Birth Register was validated, and the posi- 
tive predictive values were high. 7 We evaluated the 
effect of well known risk factors as potential confoun- 
ders and effect modifiers including multiple gestations, 
maternal age, diabetes, body mass index, and time 
trends in incidence or diagnosis of pre- 
eclampsia. 7111415 Adjusted estimates of the effect of 
pre-eclampsia on the likelihood of future pregnancies 
were similar to crude ones, suggesting that confound- 
ing did not explain results. We were unable to directly 
assess the effect of timing of onset or clinical severity 
because data were not available in the register. Rather, 
we used a proxy for early onset and severity — that is, 
pre-eclampsia associated with delivery before 34 gesta- 
tional weeks. 

Further research is needed to characterise the differ- 
ent disorders under the classification of gestational 
hypertension and proteinuria. A correct diagnosis 
might help us to predict the risk in future pregnancies 
for individual women, as well as to understand the 
etiology and find better approaches to prevent and 
treat each disorder. 
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Conclusion 

Having pre-eclampsia in one pregnancy is a poor pre- 
dictor for subsequent pregnancy but a strong predictor 
for recurrence of pre-eclampsia in future gestations. 
Contrary to what we had hypothesised, the lower over- 
all risk of pre-eclampsia among parous women was not 
explained by fewer conceptions among women who 
experienced pre-eclampsia in a previous gestation. 
Early onset pre-eclampsia was associated with more 
recurrence of pre-eclampsia and fewer subsequent 
pregnancies than late onset events. Findings are consis- 
tent with the existence of two distinct conditions: a 
severe early onset type affected by chronic factors, 
genetic or environmental, and a milder sporadic type 
affected by transient factors. 
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